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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 . 1 36(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
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DETAILED ACTION 
Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 2, 5, and 7-10 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Zhou et al (U.S. Patent #6251781), in view of Chu (U.S. Patent 

#20020025675). 

With respect to claims 1, 2 and 5, Zhou teaches a semiconductor 
substrate (Fig. 9, 50); an active element structure formed on the semiconductor 
substrate (Col 3 Ln 43-44); first insulating film provided above the semiconductor 
substrate (Fig. 9, 54); a first interconnect layer provided in a surface of the first 
insulating film and composed of copper (Fig. 9, 58); a second insulating film 
provided on the first insulating film (Fig. 9, 22); a connection hole formed the 
second insulating film and having a bottom connected to the first interconnect 
layer (Col 3 Ln 55-56); a connection plug provided in the connection hole (Fig. 9, 
80), an interconnect trench formed in surface of the second insulating film and 
having a bottom connected to the connection hole (Col 3 Ln 55-56); and a 
second interconnect layer provided in the interconnect trench (Fig. 9, 80), but 
Zhou does not teach that the connection plug is composed of a single crystal of 
copper filing the connection hole so that no other crystals of copper are provided 
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in the connection hole, or that the copper of the connection has the same crystal 
orientation as that in a part of the first interconnect layer which is located in the 
first interconnect layer. Furthermore, Zhou teaches a diffusion preventing metal 
film extending from a bottom of the connection hole to a side wall of the 
connection hole and an inner surface of the interconnect trench and composed of 
TaN (Col 4 Ln 12), but does not teach that the diffusion preventing film has a 
thickness of 0.1 to 1 nm. 

Chu teaches that copper via plugs and filled trenches can be formed with 
a single crystal structure (Abstract), and a barrier layer with a thickness of 10 
Angstroms, or 1 nm (Paragraph 78). It would have been obvious to one of 
ordinary skill in the art at the time the invention was made to form the via plugs of 
Zhou with a single crystal structure as taught by Chu in order to take advantage 
of the low resistivity of single crystal interconnects, and to provide the first 
interconnect layer and connection plug of Zhou with copper using the single 
crystal method of Chu, giving the two parts the same crystal orientation, in order 
to simplify the manufacturing process, and to make the thickness of the barrier 
layer in Zhou to be 1 nm thick as taught by Chu in order to meet the thickness 
requirements being sought currently for IC technology. 

With respect to claims 7-10, Zhou teaches a semiconductor substrate 
(Fig. 9, 50); an active element structure formed on the semiconductor substrate 
(Col 3 Ln 43-44); first insulating film provided above the semiconductor substrate 
(Fig. 9, 54); a first interconnect layer provided in a surface of the first insulating 



Application/Control Number: 10/765,833 Page 4 

Art Unit: 2826 

film and composed of copper (Fig. 9, 58); a second insulating film provided on 
the first insulating film (Fig. 9, 22); a connection hole formed the second 
insulating film and having a bottom connected to the first interconnect layer (Col 
3 Ln 55-56); a connection plug provided in the connection hole (Fig. 9, 80), an 
interconnect trench formed in surface of the second insulating film and having a 
bottom connected to the connection hole (Col 3 Ln 55-56); and a second 
interconnect layer provided in the interconnect trench (Fig. 9, 80), but Zhou does 
not teach that the filling of the connection hole with copper is done by epitaxial 
growth so that no other crystals of copper are provided in the connection hole. 
Furthermore, Zhou teaches a diffusion preventing metal film covering inner 
surface of the connection hole and interconnect trench and composed of TaN 
(Col 4 Ln 12), but does not teach that the thickness of the diffusion preventing 
metal layer is 0.1 to 1 nm). Still further, Zhou does not teach that filling the 
connection hole includes forming a base film composed of copper, on the 
interconnect layer at the bottom of the connection hole, and forming the copper 
by an electroplating method using the base film as a base. 

Chu teaches that copper via plugs and filled trenches can be formed with 
a single crystal structure (Abstract), by molecular beam epitaxy (Paragraph 43), 
and a diffusion barrier with a thickness of 1 nm (Paragraph 78). Furthermore, 
Chu teaches filling the connection hole includes forming a base film composed of 
copper, on the interconnect layer at the bottom of the connection hole, and 
forming the copper by an electroplating method using the base film as a base 
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(Paragraphs 74 and 75). It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to form the via plugs of Zhou with a 
single crystal structure by molecular beam epitaxy or electroplating as taught by 
Chu in order to take advantage of the low resistivity of single crystal 
interconnects, and to make the thickness of the barrier layer in Zhou to be 1 nm 
thick as taught by Chu in order to meet the thickness requirements being sought 
currently for IC technology. 
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